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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
manufacturing method and a structure of a 
semiconductor thin film for forming a high-quality 
semiconductor material having few defects without 
restriction of the substrate even if there is a 
difference in lattice constant between that of the 
substrate and of the semiconductor material formed 
thereon. 

SOLUTION: A semiconductor layer comprises a 
semiconductor film 104 as an uppermost film with a 
desired lattice constant different from that of the 
substrate is formed on the substrate with a reference 
face. The structure is manufactured to a structure, 
having the reference face and at least one or more 
slant faces slanted from the reference face. Then, 
selective growth is started from the slant face, and a 
semiconductor crystal film 7 almost in lattice 
alignment with the semiconductor film 104 as with the 
desired lattice constant is formed. The semiconductor 
film 7 has at least partly a flat face by having it extend sidewise in parallel with the reference 
face. 
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10 cc>< 0 - 1 1 >-e(i/.c< < 0 - 1 - 1 >{zWi^tLmx^ 

( 0 0 4 6 1 H 7 ( a ) i:i.m 1 OX^T-fc^E^fMcOfe^ 
S » ^ }^ o 5p *B /jr ^ ^ ^ i- ^ X ^ Sr Si i- ^ m "C 
So 1 1 1 tlTcCT^Ste-efoS^O (10 0) ffiSr«poG 
a A s Tfc5o :iOXJC. 1120InGaAs®(^f 
^5 Aim) ^?f^^UT<^^S, rcO^l 1 2"C«i. GaA 
s<Dm^t>^ib^^\Z \ n^mUn^'^X^ GamfSLO. 6 
2^T'?lJit^-y:Tl/^So COf^. ^113^. I nGa 
A S^JCS e $ri^^S (5 X 1 0 » » cm- 3) K— f 
20 Vi/UT?f^fiKbrVN^>, S eOi^Sffi b">i/tcj: 

I nG a A s 1 1 3C03]Za{t:;^5{£xt^ttg,gc0^;i)5 
?f^^$ix6. K-e>'>/til X 1 0 »9 cm- 3 i^jL±;&5 
Z<0±{C^ 114COInGaAsi: 
1 nG a A s P(7)^1^^ji^2 O^J^J^LT. SS:>:Pfe 
^O^g:®^(i7^^^orv^6o 1 1 5 nGa 

A s P$r2 OMni^:^LT. miUm^mT't^. 

[0 0 4 7] :z(Dwx. mmmi\zx7jk\^tzm\zm:^i^ 

f^^^nm-r^tzibiC^ S^^J[JDX-t-5o (17 (b) ^ 
i^^X^m-r^o m? (a) (Dm^^X^^l nCaA 

30 s p 1 1 5(c, iiS-OTtx F ]) yxmtCct «?«4 2^m^ 
-«^6^T*>6;6^ eiL®^^^{^ffl-r'5^i:J^J:>)li!7 

(b) \z7r:'r^fj:^jf^v^<om^mf&x^ ^rnvt^m 
f^i.tzm. ±mzs i 02 m^j^f^i.. n-^hDynmc 
x^dhn±:^U(DS i 02 ^m^Lxi^^, 

[004 811117 (b) C04 1 lioiy^Vi/icJ: «9?^fiJc: 
LtzmmX\ (10 0) MiO^^tiSO** ^L)to 4 
2ti?tT'$>So Ui^^PH^RillS 0 ^ m<t LTV^So f^^ 4" 
l<?)ffioo^S{i3 0" tcPS5t>{tr'l*/^V\ (10 0) 

^^Sig^^X'^So 4 3tiil^^S^^|^^-rs^0JSSP 
4 4fi-i£c(CJi^^$Hfc-^Xi^^T'^6o CCT-H. SiN 
X ^fiSfflUTV^So ^Ol^/i:(12 0 0 nm^ LTl^-So 

[0 0 4 91 (^m^j:mf&^i^->tzmmz l n G a a s 

P Lfc^ij ^118^ 4, oXtJi^-r 60 (181^117 

(b) tC^ L/c:S«±iC I n G a A s PJII4 5 ^MOC 
VDm^m^^Xf&mLtlt:i^Xh^o TMItTE 
G. AsHa . PH3 ^ffl 1/ ^X/jX^ LXV 1 nGa 

AsPli. S i O2 6^155^4 3 Xtl^S-^-r. TiH! 
50 (OlnGaAsPll 5 ;iS»ta LXV^5«fU5>A»e>^^-t- 
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coj^m. m? (b) <D4 1 {cyf^-mmu^^h^^ 

-fSo ^S^-a:Tl^5 I nG a A s P 4 51*^465^^4 1 

- CO 1 n G a A s P <t^&^^^ UTl^^), 

[0 0 5 01 ^mmmh. mmmi tmm\c^ 

L?:CV\ ctoT. ?ta4 2±C0^4 2tC|lX|%(7)/^V^a 

(0 0 5 1 1 ^ iblC. eS;^f^;*:^$ii:6 I n G a A s P 
C7)^S^ffi)±$-^6^&^ LTJi. 13 7 (a) tCTUi^ 

t^J;V\ I n G a A s P 4 ScDM^Ji, ^j^M*^<7:) 

;i<0»/^t|fffl5«^^*LyS:«^^G a A s ^^^^jc, < 
0-1-1 >;^{4(cfa^or;^ V'y^':fm^Y^^fSL\.X^< 

[0 0 5 21 ^^±IJ^P.^L/c^iC. Ullfe^Jl IC^bfc I n 
G a A s^fc*tT*ti/,^< . I n G a A s PCOra7C^lC*5 20 

t^Tt>. ¥ttSt:::a[^-r5Ml OX^^. ^ i c^^^xmr- 
X:^at3lli;^f-::^f^lc@^^ix5*::>ttT'/<^< . :^)DX?*>^ 

'9i^;^1^:^r^< o - 1 - i >t>^^T'# 

-So hflS eirpg^^btT^T-JiT'j^V^ Si. 

[00 5 31 (Hj^g^JS) (ll97;)>iblll l^ffiv^T:*:^ 
^n<r>W»^(0'm^m^^^-t. m5S0iJ3Ji. |gl(7)X^T't^ 
KLfcll^Sr/JDXUfc^. ^cOJ::«C^:^U. (100) ® 3o 

T-^j-So ll9Ji|glcoxmJCoV>Tl5t^LTV>^, 12 
lliS«r-fc6«t:i'?>OS i T?*)6o S i ^: 

fe^S^LTV^/^V^ I n G a P 1 2 2 ^iStStCTiE^ff^ 
^L. PH3 ^feT/.f^5ib^t5rfiS^ 7 0 ot:^ 4 O 0 
^COfBl^JllfTtf LTl^^o rO^&JCj:!? I nGa P 

1 2 2(7)IS^B{h:^i£ii-r5i:#fc(C, S i 1 2 1 .hc7)t&^^ 
iSfD$rt:±75*ort>6o wCOt^. InGaAsMdl^l 
Onm) tlnGaPflgCJl^lOnm) ^1 OW^^ 
igLT?^BKLfcjS*&T-S 1 2 3^Jf^^L. Sf^tC, 12 40 
4«C^'ri nGa P^S/imJf^^-r^o ::<7)^g^. *± 
®tC^K(7) I nG a P^#6;i ,i:;5iT-^fCo :ic7)f*, I 
nGa PI 24^'^31-y h a: -.^^ ^/jc J: 0:?IDXLfCo 

[00541 E110<t[lill ^ffll^T;*:|ltfe0»JcO^2X 
S^rlftP^-r^o mi 0O6 1 (ilgl cOXScofJiP^T'^L 
/S:S±e 12 4 -Cfc^o I n G a P 6 1 ^j!)aX-r6^ ^ 
^>:^/^l^lCiii^j|5^1 /im<OHft*^<05^®6 2^ 

5S:itri^5o :ico2;^e6 2o^®co:^jgji4 5" <tit«e 
rS)co^SitS(7>^i^ (10 0) ®<b/^-rft;5S2 0** J^T so 
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I n G a P 6 1 ^^^^S^LTt 
I n G a P<7)/?Jc:i:^ttoTl^'5o E]10cO63. 67 (1 
-t^X^'tm^ 0. 5 u m-fo ! nG a P Ly^KSrCO 

®O^Sli*g< :g:^J^&^?:^^cS6 4C0:ftSti2 0" 

[005 51 mi 1 (-^-f1*<c:, ;icoX(c:s i O2 o-^ 

6 5 ^?f^^L/::^. I n G a P (cS^ L/c: I n G a 
A s P 6 6 ^^:g:L/-Co ^:^*iC B E V TM 
I, TEG. AsH3 i:PH3 T'troTl^-So 6 4 
-^COl||;^r^j5jc:^tC J: t9 S i O2 6 5 XlCl^iJc:^ L^c I nG 

a A s p^6 6(;itia®(o;^^a^q#e>n/to (1 

0 0) ®6 9±(Cff^^$ttfcg55^Jimiitefi!:d5?^^$n 
[0 0 5 61 J[^il±Uie^ t/t^tC. CBE^^^V^yt^^ 

(0 0 5 71 (3im0iJ 4 ) II 4 (D^Mm-X. m 2 (^X^ 

(c*5*t-5^«<7>^rax:fe-&tcov>-cx^L3t0»J-c*>-5o 

(0 0 5 81 HI 1 2 ^mP>qi-6o 7 0 l± (100) ffi^ 
i^OG a A s '^:3i^N^±7i^<b^/c4><0-C^^o wOXtCl 
S i O2 -^^^^ff^^t. ^0±(0 I n PCD«;^f^<Ofi)c 
:^iil£^i?€BLfCo 7 ni;^te<0- 1 - 1 >^^L. 
7 2 !*< 0-11 >^77^ LTV^^o 7 1 (7:>:hitLf)^h 7 2 

o:^ffitc:. 7 3cD^fnco^ic:;^fSj^^xT^:^ig^^^ 

^Lfco S^^iai 3«C:^-r. 
[0 0 5 91 iK^I*li^:^i^ST\ 1ll;^f^flll| 1 2 IC;^^-^ 

:^S0T'^^o «l:^r^ofife:g:3$jSfi. <o-i-i>:)^ 
&/)-bKi^^^cttv^±J55^J. 1 o* ;?!l-P>4 5" f+ia-Ct^ 
-^7 4iS:I^Oo 4 5" f+jfir-iSTL. ^fh^^^^^t 
5 5^ 75^^7 5*' f^i&T2oacof-^ 7 5^}^o, r 

10** fi^h^^" <t 5 5* ;i>b7 5" 5:^-5 i # ^CJ^V^ 

[0 0 6 01 ^:ZX\ mmmi irlHli:^! coX^-^Jlfc 

I nG a A s ^^:^^-lt/Co mi 4^t)OrU^^-^ 
5o ^ h^^:/^7 7tC7T^-f^tC«tt'5^. 

S^^^Jl. m2 (a) 

{i?:^d^o/Co 'tC0^®<7)^Sc:i:iiSJi. <0-i-i>:^ 

(0 0 6 1 1 u±mmLtzm\^. ^ h'y^ytD:^^^^^ 
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[0 0 6 2] mmms) mscommmn. mzumm 

16 (a) . (b) ^ffll^TIft0^i-6o lill5^C^ol^ 

' T. S Htm\ (DUm^^zmrnVh^ t Z^(0 I nG 

' ^0 . 5 8 n m(D I n G a . 8 4 IIA 1 G a I 

nAsT**>t)> S 5 \t I ixG a PX*h^ ZtmTi^<D I 
nG a PK8 3 LTl . 

100631 AlGa InAstI nGaPt^i, fifeg^;^ io 

;i>^b^:x^Vi/?^^An, 8 8 (O^Pel^^^Ti^fj A 1 G a 
I nAsm8 4^^y^>^-r^:Lt\ZXr). I nGa 

p 8 5^fiMLT^ijfflLj:9 <i:-r6%x.T'*>'5o mmi^ 

^m^. mi 6 (a) tC:^-r^tcSf^<!:/^.5 8 7. Mk, 
f^Si. I n p. 5r*^-f^««at8 6 

^i^^lA^?M(t^c^^tC. :^:y^>^i/?^T'A 1 G a I n A 
s 8 4^:iLy^:^^-r^mtfj:^o ^md: LTEl 1 6 
(b) tCTj^-TJ: Pic. mi^S 7{C I nG a P 8 5 

T*^6o 20 

[0 0 6 41 mi Stc^Lfc^^lc. ;$:^te^jtcj:^)?f^^ 
LfcStg8 5^. ^J;tf^;^/^^o±tcjf^^LT. SOI 

10 0 6 51 m^\±(Dh^m^mmm 

Ga P<t A 1 Ga I n A s (OM^-^i:>-^tC|Jg^ LX V>S 30 

[0 0 6 61 j[^iJiUi^Lfc^ic. Mi:i.tzmm<Dmm± 

[0 0 6 7 1 lEl 1 6 (b) T'fe^L/ct&T-^^O. 5 8 
/imCOI nGa PflgS S^fflV^r. ^ ^ ^) rm\Lihi^(D 

mmmx^^mi 7 ^m\i^x7i^'r. mi 7^ciov^T. 9 

n^f nGa P«r^A/fcS(*:-C*>6o 9 2 |C 

^t"^^ :y KT*^5n~ I no. 3 5 Alo. es As 
^?f$fi5cLTV^5. I n Plcg-^LAc^i^T'llCcOjm/^Jc^ 
^0 :Ltf>^m^t^\^\ I n PtcS-g-LfcB^.^: t) A I (7)m 
^*Sit;iDLTV^^>J^*, I n A I A s O-'^V K=2^i^Y so 
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(l^i^O. 5 5 e Vig^DLTl^'So Z(D±.\Z^ 9 3 {Ci^i" 
n — lno.48 Gao.38 Al 

o. 14 As^?|^^i-6o 9 4 lifSii^iia-c. rco«iiS 
{::f£^t4^9 8 <!r>'<y r^9 9;)5^*nTl>-5. 9 
8(in-Ino.53 Gao.47 As^^A^Xio^^ 
EESifi^;65l. 2%Aori>'5o :i C7)^t±^ 9 8 
^ICy<!;T^9 9^2Ji^^|^XT•J^fiKLT^^^>o w<Ox<!; 
Tg9 9(^^mi:iZ^i6^9 3 ch^g^JifsJCC. K-f:/ 

ilT'^S p— Ino. 48 Gao. 38 AI0.14 A 
s ^?f^^Lfc^tc. 9 6(::^i-±^^^ :y K^-C^6p 
-Inc. 35 Alo. 6 sAs ^mfi&'t^^ S^tC. 
9 7 (C:^-^ p~Ino, 38 Gao. 62 As ^J^^J& L 

[0 0 6 81 rco^^Op< 1; Ml, ^^^^^^0. 5 
8 nm^/h^ <-r6::^?JSpJ^.>:/^ofc^. >:^^ 5/K9 
2. 96{C^^>'K=¥-t5/7'cD:^^^/^I n A 1 As7)5^^ffi 

/U^-^AEc^O. 5 4 e V<t:^^< ^n^o -^O 
i^. -/IS:&^lCffil^ibixTl^'5 I nG a A s J>y<VT<DB 

mm<of^^m ty<v Tm(D=f^^^/i':if--m'X o . i 5 e v 

[00 6 91 f^. ZZXitm I 6 (b) JCTj^Urclc^L 

til nG a PjmS 5±^i^-'^mf&^mf^\^fz:^K Hi 

[00 7 01 (^js^j 6)^6 ol|j^ig^J^l. m 1 ox 

l^2 0X^^Srf^5^$n/cf£;i:co^^:^^:^j^o 
<t '9:^P^&cO'>/^l^'bco(c•t^^cox^S:^tf^i-C 
^^p |g 1 8 (ilil 1 5 ^f^«(0^»^§r7T^i-|l|-c*>So r 

<omf^x\ #4®^ 1 3 1 {C7jk-r^i$,(Dm\E:^\^<DmnT 

ifeS(lnGaP) 8 I ^-h(DXm-iBm^^ ^ ti:>^^ 

< . m±m 8 5 <Dm^^ 1 3 1 (Dm^:^\^^zMJt i^tzm 
mi 3 2n^6^mcmm'h^o ^mmmi:i:zti^{S:m 

5X^^^tft><7>T'fe'5, 

[0 0 7 1 1 mi 9^h'^xmm'r^. mi 9«i. m 
s(Dmf$.^xr>^^^u^xM.timxh^o 8 iiimi 8 
tmc< I nGa P(o^u^^Lx^^ / s 2nm^^ 

?J^LXV^^, 1 3 3*1S i O2 Sl(Om^%<D 

mm:^^iz;h^ms 5itxm'^A^m'-i&r'r^(Dx\ 
mi 9tc7j^-r^«c. i!hus I ±{zM^^^^mm\:is \ o 

2 I 3 A^^f^L. ^Pfe;^^Aori/^6^5>;^^ib(0^fe:^^ 
6«)i-^T9l^tC-r5. :itol^^Jf^^$ixfc 1 3 6<7)lilt. 

3 5<D^^:&m^m^&^{zm\:.xhho tztcL. mmi 

3 6;5S»l,^^i'&lC^/>m^;5S•rt^-C2i;^^^?AoTt>. X 
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[00 7 21 Ell 8\Z7jk-tmS 5±tC, S i 

02 ^rffll^T-^;^^ 1 3 4^L. B:W<om(D^^m^f^ 

[0073l[gl20(a). (b) lif^^(7) g ^C0^(O 

^(Dum^Tri-to m2o (a) li, mi s<om±.ms 5 

Si. I nP^<D^^m»'^M'7:^'CX^\ m2 0 (a) 
ICT^ L Ac^ 8 5 ^CO 1 4 1 m 1 8 JcTlfe^ i^tz^U^ 

^f^(DA^ ^\.^mm-h(Df^m^nm't^^\z^ m2o 

(b) TNi. ^co€l«l 4 1 ^3i:y^>i/LX^^L. 
:i'^P6<OAoTV>/j:i.^«i«c 1 4 4(o;9^«riil2 0 (b) «C7j^ 
i-^^c■^Jf^^^^c?f^^LLrv^^ d 4 5 ii^icoai^y^v 
i/SiStCfl^fi)cLfcS i 02 o-^^^-cfe6) o rt^^ii. 

J: 0 ■^mmmt^h<o^:^\^f&^ 142 >SrfTo 
T:>cP(Sco/^v^flIi 4 3$:Jf^^-r^o ^^fOC ^;:^;i5e> 1 
4 4c7)HI.b 1 4 3(7)MJi4#^^^;^>5fUi::: U 
i/\ fSi> 112 0 (a) col^tclE^Ufc^lc, I4it::^ 

^cr.Lfcgp^;;is i 02 ^nmi^xmi 9ic^{.tz.m^j:m, 20 

[0074]lli21 (a). (b)ti, mi StC^Uyci 

^B^,b-r6XmtcoV^riJiP.^LTl^6o (112 1 (a) 

1 8 tCTj^ U/iXat-i3l>XS 8 5 ^^ffitCJF^^iir 

V^^o 1 4 1 ^i^^i;05#V^^^T'^6o 1112 1 (b) (D 
1 4 6{iiltR-7Xi;^ S i Nx (O^W&^ilc 1.4 1 

P^fe^7)#V^^5^1 4 1 7?>^P>t7>fi5c:g:{i«J$iJ^;h.. ^gcoM 1 
4 7$rS«8 7±tC?F^^-rSw^;i5pjtg^/^^„ g 
Rojgi 4 7*iS«^ft:{c^:5^.i?fl/j:v>o 

[0 0 7 5] ^±m,mi.tzm\z^ xf^(DAorzm^^^^ 

^^fcJ^igttT. il»^fife:^^llHllUJi^tTi-'5 wirier 
[0 0 7 6] 

wmmi^\zi6\,^x^^. (10 0) m^(Dmmm^^hm\^^ 
:^m:^(bti^ tmcn^f^{<L<D^±^m^hrix. 7x.<n 

mW Igllti, *^P>qcO|gl(O^ttS0iJ^C:fcV^TStSJl 

[1121 lll2*i. ^%^^7)^lco||^S0iJ(c:^5v^T«:;^r^ 

^)cg;55tT/j:*?n^-^;^^^«foSS(75»r®ia (a) . 50 



^^T^-r^SlD (c) 
[1113 1 1113*1. :J^^m(r>%\<D'm^m\z^\s^X'&^^ 
h7'<:/<^codba5^J^oS;K(7)5F®|ll-e^6o 

[1114 1 iii4ii. %^w>i(D%\(D'mmm\z^^^x^-y5^ 

(nisi UlSfl, So;5^CD^:^^felC*^l/^T^:gigS<^^a 

[11161 men. :^^P>^(7:)mic7:>^ife^jtc*DtNT«:;i^[^ 

[gi7i [ii7«i, '^^^<n%2(D%mm\zd^\i^xmsLiL 
cos^sm (b) T'^^o 

[1118 1 mB\%^i^^m(D^2<i:>mMmz^\^x^:^<7 

^©UlT'^^o 

(11191 iii9ii, ^^^<Dmz<r>'mMmz^^^x^WL^ 
xhi>o 

[^1 01 mi on. :^^m<D^3(ommm{z^\^>xm 
[Ell 11 mi ijt. :^m^M<7^m3(D^mm\z^\^^xm 

[mi2imi2ii. ^^y^mi^xdhvty^h7^y%:m 

[mi3]mi3ij:. ^^y^m\^x^^::^h^-(':r^m 
fS.^ ^ ^iti ^ [Hifc ^ ^ c ^ xm:^i^f^mmstmuimz 

[mi 41 mi4(i. 4^^m<Dm4<Dmmm\z^\^^xm 

[mi 51 mi 5ii. :^^m<oms<Dmmm\,z^\^^xm 

:^^^^J^t?nx^m^mf&\^-o^^^mmf>^-mfi^^i^tzm^ 

[mi 61 mi en. :^^m(Dm5<Dmmmi,z^i^xm 
m<Dmm\z^:^\^f&m^thxmf^ $ n/c^Mcois-T'^isr 
(ow-tKm^i^<7>mmz^w^-ri>i:m^^^mmmxh 

[mi 71 mi 711. :^^m(D^s(Dmmm\z^\^^xm 
(ommz^^^tifz^i^m^my^^xmf&i^titz^mi^i- 



(1 

19 

imi S] IS 1 8 (i, m 1 COXm. m 2 (DJl^^mXi^ 

[132 0 1 mzon. ^icDxm. ^2<Dj:m^mxi'^ 
[la 2 1 1 2 1 mi (Djirn. m 2 ox^^^rf^ 

t.co{c-r6^oxm^^tpM{cft!iogli6^jcoxm^Ui^ 

1. 11. 14. 6 2 h^'TT'^tifba 
2.4 2 X h7'Y:7'4itf# 

3. 19. 34. 41. 64. 131 ihU(Dmm 

fH^^m 20 

4. 5. 12. 16. 17. 18. 43. 65. 13 
3. 1 3 4. 1 4 5. 1 4 6 -^P^iJ^ (illR^:^^) 

7. 4 5. 6.6. 8 3 m:^\^f&^m (^ffi) 

8 Si£;^f^^EP 

9.7 7 >^ 

1 3 m(om^ 

15.44 m<OiS:U 

31. 61. 81. 104 &m ( I n G a A s . I 

n G a P ) 30 

32. 35. 133,134 Si02 
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m 

1 4 2 m:^i^f&^ 
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